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Abstract 
In BOT approach, the private sector is granted a concession to plan, design, construct, operate and maintain a project in a certain 
period of time and after that it should be transferred to the government. Risk is the cumulative effect of the chances of uncertain 
occurrences which will adversely affect project objectives. It is the degree of exposure to negative events and their probable 
consequences. 
In this paper, at first the risks of the BOT projects are identified, then we rank the risks based on their severity and effect on 
project objectives (time, cost, quality, safety and environmental) by two methods, namely FTOPSIS and FSAW. In the next stage 
obtained results by NGT method are integrated. After wise the occurrence and detection values of each risk are determined by 
experts and ultimately the risks are evaluated according to risk priority number (RPN) of failure mode and effect analysis 
(FMEA) technique.  
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1. Introduction 
 
Development of infrastructures and assets is very essential because of the rapid growth of the economy. This 
brings opportunities to BOT project stakeholders. Employing effective risk management techniques is very 
important to cope with risks associated with variable activities, so we can implement the BOT projects aligning with 
project objectives including time, cost, quality, safety and environmental. 
 
1.1. BOT projects definition 
Hwang (1995) in his paper expressed that Build, Operate and Transfer (BOT) is an approach that private sector 
utilizes to obtain a granted concession for completing a specific project independently. However, the ownership of 
the project has to be returned to the public sector once it is entirely completed. 
BOT entails a higher degree of private participation and provides significant benefits to both the public and 
private sectors in the present circumstances compared to traditional joint venture structures; both sectors take an 
advantage of risk sharing from each other (Flanagan, 1997; Walker, Smith, 1996; Forouzbakhsh, Hosseini, Vakilian, 
2007). 
 
1.2. BOT projects risk. 
 Risks assessment in BOT projects are very important because they can affect deeply on the projects objectives, 
many researchers worked on this subject, we mention to some of them in this part. 
Kanga and Feng (2009) identified and assessed the potential risks faced by private sectors in holding BOT 
projects through the risk assessment model developed in their paper. 
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Ebrahimnejad et al. (2010) mentioned that BOT project risks have two distinctive aspects: first, they have 
initiating process risks (technical and financial studies), financing and operation process risks because of the nature 
of BOT approach; and second, they have political, regulatory and economical risks because of the fact that they are 
mega projects. 
Yeo and Tiong (2000) proposed a risk reduction strategy in winning and managing BOT concession, through 
positive management of differences between enterprise stakeholders, proactive control of variation of critical risk 
factors and internal competency through strong and entrepreneurial leadership of consortium teams. 
 
 
 
 
2. Proposed model 
In this part we present our proposed model. At first the risks of the BOT projects are identified, and then we rank 
them according to the project objectives as criteria by three methods, namely FTOPSIS and FSAW. Then, we 
integrate the obtained results by NGT method. The probability of each risk occurrence is determined by experts and 
ultimately the risks are being final ranked according to factors of severity, occurrence and detection of risks by 
FMEA technique. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1. Proposed BOT project risk ranking model. 
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2.1. Risk identification 
Recognition process of possible risks in BOT projects and determination of their characteristics is an effective 
step in risk identification. This process is carried out by assistance and cooperation of project group, risk 
management group and experts of this field out of the organization. 
 
2.2. Suitable criteria for risk ranking  
 
A direct relationship between risk management and BOT project success is acknowledged since risks are 
assessed by their potential impact on the project objectives (Baloi, 2003). Previous researches have done up to now, 
has mainly focused on examining the impacts of risks on one or two aspects of project strategies with respect to the 
project objectives, namely cost, time, quality, safety and environmental sustainability (Patrick, Guomin, Jiayuan, 
2007). Because of the importance of these five objectives, in this paper, we use five objectives (cost, time, quality, 
safety and environmental) as decision making criteria for risk ranking. 
 
2.3. Risk ranking methods 
Two methods, namely Fuzzy TOPSIS and Fuzzy SAW are used in this paper for ranking risks, they are 
described as follows. 
 
2.3.1. Fuzzy TOPSIS method 
A. Determine the alternatives. m possible alternatives:  
B. Define and describe a finite set of relevant attributes and their weight. 
n Criteria: ; Benefit criteria ( ), Cost criteria ( ) where  
C. Establish a decision matrix for alternatives performance 
 
 
       
 
 
 
 
 
 
 
D.  Establish the normalized decision matrix 
    (1) 
E. Construct weighted normalized decision matrix 
     (2) 
 
F.  Determine FPIS and FNIS as follow 
    (3) 
  (4) 
G. Calculate the distance of each alternative from FPIS and FNIS 
 
  (5) 
Assuming that:  and  then the distance between them is:  
   (6) 
1393 M. Askari and H.R. Shokrizade /  Procedia - Social and Behavioral Sciences  109 ( 2014 )  1390 – 1394 
H. Calculate the relative closeness to the ideal solution 
= where  range belongs to the closed interval [0, 1] and i = 1, 2,…, m   
K. Rank the alternatives in descending order 
A set of alternatives can now be preference ranked according to the descending order of , and the one with 
the maximum value of  is the best. 
 
 
 
2.3.3. FSAW (Fuzzy simple-additive-weighting) method  
A fuzzy MCDM model is used to evaluate alternatives versus selected criteria through a committee of decision 
makers, where suitability of alternatives versus criteria, and the importance weights of criteria, can be evaluated 
in linguistic values demonstrated by fuzzy numbers. The simple additive weighting (SAW) method is one of the 
most useful and widely used MCDM approaches and used to aggregate the alternative’s scores into one score 
based on the criteria weights.  
At first, the scores are normalized by the formulas: 
                                                                                                                          (9)                                             
 
Where  is the score for the criterion. When criteria are maximized, formula (9) has to be used, and formula 
(10) has to be used when criteria are minimized. Then the scores are aggregated into one score:  
 R*=  
 
 
Where R* is the total score, n is the number of criteria, is the weight of the criterion, and  is the normalized 
score for the criterion. 
2.4. Nominal group technique (NGT) 
One approach for improving decision outcomes is to use structured group processes. The nominal group 
technique NGT is probably the most widely used structured group process. The NGT is designed to elicit ideas from 
all members of the group, and encourage consensus in the final decision making. Because it reduces process losses 
that can occur with groups, it generally improves decision outcomes. However, it also requires group members to 
meet at the same time and in the same place. 
 
2.5. FMEA 
 
Failure mode and effect analysis (FMEA) is a systematic technique for identifying, prioritizing and acting on 
potential failure modes before the failures occur. A conventional form of FMEA includes (i) the design function of 
parts, (ii) the potential failure mode (categories of failure), (iii) the potential effects of failure (measured by the 
severity index), (iv) the potential causes of failure (measured by the occurrence (frequency) index), (v) the detection 
method (measured by the detect ability index), and (vi) the risk priority number (RPN). The RPN is used to evaluate 
the risk level of a part’s failure mode in design stage, and is determined by the multiplication of three characteristic 
failure mode indexes, i.e., the severity of the potential failure (S), the occurrence of potential failure (O), and the 
detect ability index (D), respectively, as 
 
RPN =S * O * D                                                                                                                      (12) 
 
 
(7)
(8)
1394   M. Askari and H.R. Shokrizade /  Procedia - Social and Behavioral Sciences  109 ( 2014 )  1390 – 1394 
5. References 
 
1- Hwang, Y. L. (1995). Project and policy analysis of build-operate-transfer infrastructure development. 
Ph.D. Dissertation, Department of Civil Engineering, University of California at Berkeley. 
2- Flanagan, R., Li, SR. (1997) .International construction: a perspective of China”; UK: The Chartered 
Institute of Building. 
3- Walker, C., Smith, A .J. (1996) .Privatized infrastructure: the build-operate-transfer. Thomas Telford 
Publications. 
4- Forouzbakhsh, F., Hosseini, S. M. H., Vakilian, M. (2007). An approach to the investment analysis of small 
and medium hydro-power plants. Energy Policy 35, 1013–1024. 
5- Kanga, C. C., Feng, C. M. (2009). Risk measurement and risk identification for BOT projects: A multi-
attribute utility approach. Mathematical and Computer Modelling, 49, 1802-1815. 
6- Ebrahimnejad, S., Mousavi, M., Seyrafianpour, H. (2010). Risk identification and assessment for build–
operate–transfer projects: A fuzzy multi attribute decision making model. Expert Systems with 
Applications 37, 575–586. 
7- Yeo, K.T., Robert, L.K. T. (2000). Positive management of differences for risk reduction in BOT projects. 
International Journal of Project Management 18, 257-265. 
8- Baloi, D. (2003). Price ADF. Modelling global risk factors affecting construction cost performance. Int J 
Proj Manage, 21:261–9. 
9- Patrick, X. W .Z, Guomin, Zh, Jiayuan, W. (2007). Understanding the key risks in construction projects in 
China. International Journal of Project Management 25, 601–614. 
 
 
